A cross index is presented for using the improved selectivity offered by the Hung and Wensink (Nucl. Acids Res. 12, 1863-1874, 1984) method of partially filling in 5'-extensions produced by type II restriction endonudeases. After this treatment, DNA fragments which normally cannot be ligated to one another, can be Joined providing that complementary cohesive ends have been generated. The uses of this technique, which include the prevention of DNA fragments (both vector and insert) auto-annealing, are discussed.
INTRODUCTION
Saul. Table 1 one of the enzymes to be used. Use the column that lists the "complement to new 5'-end" to find in Table 2 those enzymes that can be used to produce a matching 5'-end. Refer back to Table 1 to see how the complementary 5'-end can be produced with the enzyme in question.
Enzymes that produce variable 5'-extensions are not useful for general cloning experiments; however, they can be used to specifically clone a DNA fragment with a 5'-extension of known sequence, often to the exclusion of undesired fragments. Table 1 can also be used to determine feasabillty of labelling a specific DNA fragment in a mixture of fragments produced by several enzymes or only one end of a DNA fragment formed upon cleavage by an enzyme that produces different 5'-extensions. Table 1 shows all of the different 5'-extensions, two-base or longer, that can be produced by both commercially available type II restriction enzymes and by the prototypic isoschizoners of those enzymes which, although currently not commercially available, produce 5'-extensions to which this technique can be applied. Each 5'-extension Is then partially filled In simultaneously with one or more suitable dNTPs. Those combinations that would result in blunt-ends are not included. Listed are the novel cohesive 5'-ends that result from partially filling in the original S'-extenslons by standard techniques (1, 2, 5) , together with the complementary 5'-ends required for base-pairing with the novel ends. To find a suitable restriction enzyme that can be used to produce the required complementary 5'-end (also created by partially filling In the normal 5'-extension), one either searches for the required 5'-end in Table 1 or simply refers to Table   2 which lists restriction enzymes according to the cohesive 5'-ends that can be produced by partially filling in the original 5'-extensions.
As an example of how to use these tables, consider the Sail -Sau3AI case above. The Sail extension when filled in with TTP and dCTP gives rise to a 5'-TC-extension ( Table 1 can also be used to match partially filled-in 5'-extensions with the normal unfilled-in cohesive ends produced by restriction enzymes (note that Table 1 does not include those enzymes that produce only a 1-base-long 5'-extension). Should such a cloning be desirable, then the unfilled-in DNA must be pretreated with alkaline phosphatase to prevent auto-ligatlon.
Hung and Wensink (1) also demonstrated that this technique could tolerate certain mismatches between the cohesive ends and still be used, albeit with reduced efficiency.
Such sequences and those that can be produced by filling in 5'-enda one at a time with different dNTPsare not presented here.
It is often necessary to relaclate the cloned DNA. This is usually done by digestion with a restriction enzyme that cleaves either at a site (or sites) in the vector adjacent to the insert or at the vector-insert Joint. Table 3 ) at the vector-insert joint.
If the efficiency of the partial fill-in reaction is not high, then both recircularization of the vector and random joining of insert DNA may occur to some degree. In those combinations where the recognition site for the enzyme used to cleave the vector is not recreated by the Joining of vector to insert (see Table 3 ), the effects of vector recircularization may be minimized by recleaving the DNA mixture after ligation with the vector-specific enzyme.
This scheme is only applicable either if there are no recognition sites for this enzyme present in the insert DNA or if such sites have been protected f ron cleavage by methylation, in^ vivo or ill vitro, prior to ligation.
PIa8mld DNA that has been isolated by the rapid alkaline extraction method of Bimboim and Doly (7) cannot be used in this technique because there are many nicks In the DHA. Consequently, the Klenow fragment fills in not only at the 5'-extensions, but also at the nicks. Furthermore, alkaline prepared DNA Is, for some unknown reason, poorly filled in at the ends of the restriction fragments (unpublished observations). Plasmid DNA should therefore be isolated by, for example, the SDS method (Ref. 5, page 92) . In summary, it is hoped that these tables will aid DNA cloners to circumvent two very common and frustrating problems encountered In gene manipulation -religatlon of the vector and ligation of different insert DNAs to each other. Furthermore, by choosing the appropriate combinations of restriction endonucleases and fill-in dNTPs, it should be possible to clone specific DNA fragments, while excluding others. Table 1 can also be used to determine how to preferentially radioactlvely label only one end of a DNA fragment produced by a restriction enzyme that cleaves at an asymmetrical sequence. Moreover, these cross-indexed tables should be useful in gene fusion studies which require that a gene be Joined in the correct orientation and reading frame to transcriptlonal and/or translational control signals.
